The time-constant for currents of any normal type in a given con ductor is the time in which free currents of that type fall to 1/e of their original strength. In strictness there are for any conductor an infinite series of time-constants, corresponding to the various normal types, but in such a case as that of a coil of wire one of these is very great in comparison with the rest, which belong to types in which the current is in opposite directions in different parts of a section of the wire. And in all cases the time-constant correspond ing to the most persistent type which can be present under given circumstances is, of course, the one which is most important from an experimental point of view.
A determination of the time-constants of a uniform circular disk would be of interest for two reasons: first, in relation to Arago's rotations, which are entirely due to the greater or less persistence of currents once started in the disk; and, secondly, in connexion with Professor Hughes's experiments with the induction balance, in which the disturbance produced in the field by the currents induced in metal disks (such as coins) was studied. Unfortunately, the mathematical problem thus suggested would seem to be difficult. Restricting our selves, for simplicity, to cases where the currents flow in circles concentric with the disk, so that the problem is not complicated by the existence of an electric potential, then if 0 be the current-function, the electric momentum at a distance r from the centre of the disk will be -dP/dr, where P is the potential of an imaginary distribution of matter of density 0 over the disk. Hence, if p be the resistance per unit area, we haveIn any normal type, 0 and P will vary as e_Ai, and, therefore-
or, in the case of uniform resistancep0 -XP+ C over the disk.
In the absence of a rigorous solution of this problem (which seems well worthy the attention of mathematicians), a good approximation to the principal time-constant may be obtained on the following principles:-*
1. An increase of resistance in any part of the disk will diminish the time-constant; and 2. If the time-constant be calculated on any arbitrary assumption as to the distribution of current, the result will be an zmder-estimate, and will, moreover, be a close approximation to the true value if the assumed law be not very wide of the mark, on account of the " stationary " property of the normal types.
Some distributions of density <p, and corresponding potentials P, convenient for our purpose, are obtained by considering the disk as a limiting form of heterogeneous ellipsoid, in which the surfaces of equal density are similar and coaxial ellipsoids.f If the density at any point Q in the interior of the ellipsoida?2 , y2, z2 , a?+ T*+ l? ~ 1 be C ( l -0 2)», where 6a, 6b, 6c are the semi-axes of the similar ellipsoid through Q, the corresponding potential at internal points will be-
Putting a = b,and passing to the case of a disk, by p 2Cc = 1, we find that to the surface-density-
corresponds, for points of the disk, the potential- The assumption (3) will correspond accurately to a normal type for a non-uniform disk, provided the law of resistance be properly adjusted. For (2) T " 5 ?* Since p diminishes from the centre outwards, we see that 4'935a/// is a superior limit for a disk of uniform resistance . 
from which it appears that 3*142a//>' is a superior limit for a uniform disk. This case is remarkable as giving a resistance nearly uniform over the disk, except close to the edge, where it rapidly increases. The second column m the following table gives the resistance at various distances from the centre; the third column, the corresponding thick nesses in terms of the thickness at the centre, the material of the disk being supposed uniform. The minimum value of p is 0'8660po', correspondi Denoting this minimum by p f we find from (11J-Some further information may be gathered from the second principle stated above. The electrokinetic energy of the system of currents defined by (3) is-
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Electric It appears that the value (14) of t is a maximum for n = 0'9 about, and, hence, that the principal time-constant of a circular disk is not less than 2-26 a//. We have seen that the value of 0 obtained by putting n = 1 in (3) must be a pretty fair representation of th persistent type of free currents in a uniform disk, and the case of n = 0*9 will not be materially different. The " stationary " property already alluded to therefore warrants us in asserting that the value just given must be a close approximation to the truth. If be the thickness, p the specific resistance of the material, we may w result thusFor a disk of copper [ p = 1600 C.G.S.], a decim 2'5 mm. in thickness, this gives t = 0-0035 sec.
Addendum.-April 11, 1887.
In the above calculations it is assumed that the current-intensity is sensibly uniform throughout the thickness of the disk. This will be the case, at all events for a non-magnetisable substance, if the radius be a moderately large multiple of the thickness. To examine this point more closely, it will be sufficient to consider a simpler problem in which all the circumstances can be calculated with exact ness. Let us suppose then that we have a system of free currents everywhere parallel to the axis of z in a stratum of conducting matter bounded by the planes y = + 8 /2 . With the have- If P = as we have supposed, and mb is small, the principal root of this equation in kb is small, and the current-intensity, which varies as cos ky,will he nearly uniform throughout the thickness. The equation (16) then gives-
k2b2
-2 and therefore from (15)-
where pp/b.For the purpose of a rough compar original problem we may suppose that 7r/m is comparable with R, the radius of the disk. It follows that the effect of replacing the actual disk, of finite thickness, by an infinitely thin disk of the same con ductivity (per unit area) is to increase the time-constant by the fraction b/B of itself, about. In an iron plate, on the other hand, the current-intensity will fall off considerably from the median plane to the surface, unless the ratio b/B be extremely small. For instance, if pmb = tt/2, or say b/u = 1/2/t, the principal root of (16) is kb = ur/2, and the intensity at the surface is only 071 of its value in the median plane, although the thickness of the disk may perhaps not exceed one-thousandth of the radius. Again if, mb being still small, pmb is moderately large, we shall have kb = tt,n early, so that the current-in at the surface. In such a case-
